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Abstract
Epidemiological data on the impact of hypertensive crises (emergencies and urgencies) on referral to the Emergency
Departments (EDs) are lacking, in spite of the evidence that they may be life-threatening conditions. We performed a
multicenter study to identify all patients aged 18 years and over who were admitted to 10 Italian EDs during 2009 for
hypertensive crises (systolic blood pressure $220 mmHg and/or diastolic blood pressure $120 mmHg). We classified
patients as affected by either hypertensive emergencies or hypertensive urgencies depending on the presence or the
absence of progressive target organ damage, respectively. Logistic regression analysis was then performed to assess
variables independently associated with hypertensive emergencies with respect to hypertensive urgencies. Of 333,407
patients admitted to the EDs over the one-year period, 1,546 had hypertensive crises (4.6/1,000, 95% CI 4.4–4.9), and 23% of
them had unknown hypertension. Hypertensive emergencies (n = 391, 25.3% of hypertensive crises) were acute pulmonary
edema (30.9%), stroke (22.0%,), myocardial infarction (17.9%), acute aortic dissection (7.9%), acute renal failure (5.9%) and
hypertensive encephalopathy (4.9%). Men had higher frequency than women of unknown hypertension (27.9% vs 18.5%,
p,0.001). Even among known hypertensive patients, a larger proportion of men than women reported not taking anti-
hypertensive drug (12.6% among men and 9.4% among women (p,0.001). Compared to women of similar age, men had
higher likelihood of having hypertensive emergencies than urgencies (OR= 1.34, 95% CI 1.06–1.70), independently of
presenting symptoms, creatinine, smoking habit and known hypertension. This study shows that hypertensive crises
involved almost 5 out of 1,000 patients-year admitted to EDs. Sex differences in frequencies of unknown hypertension,
compliance to treatment and risk of hypertensive emergencies might have implications for public health programs.
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Introduction
Hypertension is a well-established cardiovascular risk factor,
which involves more than 1 billion of persons worldwide [1–2].
Chronic hypertension treatment strategies are well codified by
international guidelines [3–4], whereas few evidence-based
recommendations are available on acute severe elevation in blood
pressure [2,5]. Hypertensive crises are defined as hypertensive
emergencies and hypertensive urgencies, depending on either
presence or absence of acute end-organ dysfunction, respectively
[6–8]. This classification is relevant from a clinical point of view, as
correct diagnosis and appropriate treatment are critical in limiting
morbidity and mortality of hypertensive patients [1,8–10]. Indeed,
blood pressure should be reduced within 24 to 48 hours in patients
with hypertensive urgencies, whereas target values should be
obtained over a period of minutes to hours in those with
hypertensive emergencies [6,11,12]. Moreover, compliance of
patients to antihypertensive treatment is likely to affect the risk of
hypertensive emergencies, but data on this issue are lacking.
Epidemiological data on prevalence and clinical features of
patients referred to the emergency departments (EDs) for
hypertensive crises are limited, in spite of their relevance from a
public health perspective [13–15]. Main limitations of available
studies are the recruitment of cases from a single hospital, thus
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containing the external validity of data, and the low numbers of
examined patients, thus restricting the power of results.
Therefore, we performed a multicenter study, including 10
representative EDs distributed throughout Italy, to assess the
impact on National Health System of hypertensive crises referred
to hospitals during a one-year period and to describe clinical
features of patients with hypertensive emergencies and urgencies.
Materials and Methods
This multicenter study included 10 Italian hospitals distributed
throughout the country (6 hospitals in North-West Italy, 1 hospital
in North-East Italy, 2 hospitals in Central Italy and one in
Sardinia). The study was approved in 2008 by the Interhospital
Ethical Committee of the Piedmont Region Italy (Ospedale
Cardinal Massaia, Asti; Azienda Ospedaliera Santa Croce e Carle,
Cuneo; Presidio Ospedale Martini, Torino; Ospedale SS. Antonio
e Margherita, Tortona; Ospedale Santa Croce, Moncalieri), as
well as by the local ethic committees of the participating centers
(Ospedale Civile, Alghero; Ospedale Umberto Parini, Aosta;
Ospedale san Donato, Arezzo; Presidio Ospedaliero, Parma;
Ospedale Civile, Rovigo). Accordingly, written/oral informed
consent was obtained by either the patient or authorized relatives
of patients with severe neurological impairment, and documented
by clinical chart. The oral consent was obtained when the
neurological condition made impossible to the patient to sign,
fulfilling a specific form signed thereafter by the physician and by
the authorized relative. This procedure was approved by the ethics
committees. The study was conducted in accordance with the
Helsinki Declaration. The Italian National Health Service covers
all Italian citizens and foreigners, who have free access to EDs
either directly or referred by their general practitioners. As there
are no private EDs in the Italian Regions involved in the study,
recruitment was unbiased by socioeconomic conditions.
We recruited all consecutive persons aged 18 years and over
who were admitted to the EDs of participating hospitals in period
01/01/2009-12/31/2009 for hypertensive crisis, defined as
systolic blood pressure$220 mmHg and/or diastolic blood
pressure $120 mmHg, after unrelated acute problems, such as
pain and anxiety, were alleviated. The blood pressure cut-off
values were consistent with those adopted by previous studies, to
allow data comparisons among studies [13–15]. Patients were
interviewed and examined by trained investigators, according to
standardized measurements and procedures, and those with a
previous diagnosis of hypertension were identified through the
examination of medical history and current treatments. Blood
pressure was measured with the patient in the recumbent position
by use of a mercury sphygmomanometer, according to a standard
technique, after unrelated acute problems, such as pain and
anxiety were alleviated. The average of the second and the third of
three consecutive readings taken 1 minute apart was used for
analyses. As one recruiting center modified methods of data
collection, thus potentially affecting data comparability among
centers, it was not included in present analyses, which were finally
based on 9 EDs. Women affected by eclampsia and pre-eclampsia
were not included also, as they are generally referred to the
Obstetrics Clinics without passing through the EDs. Patients with
hypertensive crisis were further classified as having either
hypertensive emergencies or urgencies on the basis of presence or
absence, respectively, of acute and progressive end-organ damage,
such as hypertensive encephalopathy, stroke (either ischemic or
due to intracerebral/subarachnoid haemorrhage), acute pulmo-
nary edema, acute aortic dissection, acute myocardial infarction/
unstable angina pectoris, progressive renal failure. These condi-
tions were diagnosed on the basis of clinical data and diagnostic
tests when appropriate, such as blood and urine chemistry, eye
fundus examination, ECG, chest X-ray, computed tomography
and ultrasound imaging. Each patient underwent a complete
clinical history, physical examination and routine blood and urine
chemical analyses. The entity of renal damage was assessed
through plasma creatinine values at admission, doubling of
creatinine values during clinical monitoring in the EDs and
estimated Glomerular Filtration Rate (eGFR), using the four-
component abbreviated equation from the MDRD study [16].
Plasma creatinine values were determined using the modified Jaffe`
method (Creatinine Liquid, Sentinel diagnostics CH SpA, Milan,
Italy).
The diagnosis of hypertensive emergency was standardized
through a shared protocol. Acute aortic dissection was considered
in any patient complaining of chest pain, back pain or abdominal
pain associated with high values of blood pressure, and diagnosis
confirmed by computed tomography angiography. Acute coronary
syndrome included the ST-elevation myocardial infarction
(STEMI, ST-segment elevations of more than 0.1 mV in two
corresponding leads and a typical rise and fall of cardiac enzymes),
the non-ST elevation myocardial infarction (NSTEMI, considered
as electrocardiographic ST-segment depression or prominent T-
wave inversion and/or positive biomarkers of necrosis in the
absence of ST-segment elevation and in an appropriate clinical
setting, such as chest discomfort or angina equivalent) and
unstable angina pectoris (ischemic symptoms suggestive of an
acute coronary syndrome and no elevation in troponin or creatin-
kinase-MB, with or without ECG changes indicative of ischemia)
with the need of coronary angiography and/or intervention. Acute
pulmonary edema was defined as evidence of clinical signs and
confirmed by chest radiograph. Systolic and/or diastolic impaired
ventricular function was assessed by a standard echocardiography
methodology. Hypertensive encephalopathy was defined as
progressively appearance of severe headache, nausea, vomiting
and visual disorders, with or without localized or generalized
seizures. Acute stroke was defined by neurological symptoms
(aphasia, hemianopsia, paresthesia or paresis) lasting more than
24 hours and by computer tomography of the brain revealing
either ischemic or hemorrhagic area.
Frequencies have been calculated using as numerators the
number of hypertensive crises occurring over the study period and
as denominators the total number of admissions to the EDs.
Differences in clinical characteristics of patients were assessed
using the x2 test for categorical variables and the t test for
continuous variables. Results are shown as mean 6 standard
deviation (SD), geometric means and interquartile range (IQR) for
non-normally distributed values and frequencies for categorical
variables. All reported P values are two-sided and a P value of less
than 0.05 was considered to indicate statistical significance. We
performed logistic regression analysis to assess the role of age, sex,
presenting symptoms (typical vs atypical), current smoke (yes vs
no), previously known hypertension (yes vs no), creatinine values
(log values) on the risk of having hypertensive emergency with
respect to hypertensive urgency. All analyses were performed with
STATA, Release 11.0.
Results
Out of 333,407 patients consecutively admitted to the EDs of
recruiting hospitals during the study period, 1,546 had a
hypertensive crisis (4.6/1000, 95% CI 4.4–4.9), and 391 of them
(25.3%) had hypertensive emergencies. Twenty-three per cent of
hypertensive crises occurred in patients with unknown hyperten-
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sion (27.9% among men and 18.5% among women, p,0.001).
Among patients with known hypertension, 12.6% of men and
9.4% of women (p,0.001) referred that they were not taking
antihypertensive drugs. As shown in table 1, women were older
than men and had statistically significant higher values of both
systolic and diastolic blood pressure. After adjustment for age,
however, mean adjusted values were similar between genders:
systolic blood pressure, 202.5 (95% CI 200.6–204.5) mmHg in
men and 205.2 (95% CI 203.4–207.1) mmHg in women; diastolic
blood pressure 115.8 (95% CI 114.6–116.9) mmHg in men, and
114.6 (95% CI 113.5–115.8) mmHg in women.
Among patients taking one antihypertensive drug only, renin
angiotensins system (RAS) inhibitors were the most frequently
employed drug (Table 1). Patients treated with two or more
antihypertensive drugs were 49.3%. As regards ethnic groups,
97% of patients were Europeans, 1.5% were Africans and 1.5%
were Asians.
Patients referred to the EDs by their general practitioners were
7.3% and those referred by Territorial Emergency Services were
39.2%. Patients who were not referred were 53.4%, with a
statistically higher frequency among those with non-specific
symptoms than among those with specific symptoms, (59.4% vs
45.7%p,0.0001). Presenting symptoms were non-specific in
55.6% of patients (Table 2), whereas chest pain and focal
neurologic deficits were evident in 28.3% and 16.1% of patients,
respectively, with no sex differences.
Among 391 patients with hypertensive emergencies, 121 (30.9)
had acute pulmonary edema, 86 (22.0%) had stroke, including 60
ischemic strokes and 26 hemorrhagic strokes, 70 (17.9%) had
myocardial infarction, 31 (7.9%) had acute aortic dissection, 23
(5.9%) had acute renal failure and 19 (4.9%) had hypertensive
encephalopathy. Two patients only had both acute pulmonary
edema and stroke. With respect to patients with hypertensive
urgencies (Table 3), those with hypertensive emergencies were
more likely to be men, whereas no significant differences were
found in age and in frequencies of unknown hypertension.
Statistically significant differences in symptoms at presentation
were found between hypertensive urgencies and emergencies, with
higher frequency of focal neurological symptoms and lower
frequency of non-specific symptoms in the latter (table 3). Among
the subgroup of patients with hypertensive emergencies, statisti-
cally significant differences were evident comparing patients with
known hypertension and those with unknown hypertension.
Indeed, the latter had higher frequency of men (51.7% vs
48.3%, p= 0.003), lower age (63.261.9 vs 67.561.9, p,0.001)
and higher frequency of non-specific symptoms (63.5% vs 47.9%,
p= 0.036).
In logistic regression analyses, after adjustment for age, patients
with hypertensive emergencies had higher risk of being men
(OR=1.34, 95% CI 1.06–1.70) and lower likelihood of having
non-specific symptoms (OR=0.72, 95% CI 0.57–0.90) than
patients with hypertensive urgencies. Further inclusion in the
model of known hypertension, current smoking habit and
creatinine values did not contribute significantly to the model.
Table 4 compares the results of epidemiological studies
examining frequencies and clinical features of patients with
hypertensive crises among those admitted to the EDs.
Discussion
This large Italian multicenter study provides evidence that
hypertensive crises involved almost 5 out of 1,000 patients
admitted over one year to the EDs. Second, hypertensive
emergencies represents one fourth of patients admitted for
hypertensive crises, with a 34% higher risk in men than in women
of similar age. Third, the frequency of patients with unknown
hypertension was high, both in patients with hypertensive
emergencies and in those with hypertensive urgencies. Finally,
the frequency of patients with a previous diagnosis of hypertension
who reported that they were taking no antihypertensive drug was
almost 10%. All of these disappointing features, however, were
more evident in men than in women and suggest their lower
compliance to screening and treatment of hypertension. This
finding should be taken into account by public health programs
promoting the prevention of cardiovascular diseases at a
community level.
Table 1. Characteristics of patients with hypertensive crises recruited in the multicenter Italian study.
All cohort (n =1546) Men (n=748) Women (n=798) P value
Age (years) 69.0614.1 66.5614.5 71.4614.9 ,0.0001
Systolic blood pressure (mmHg) 203.9627.4 201.7628.7 206.0626.0 0.002
Diastolic blood pressure (mmHg) 115.2616.4 116.3616.6 114.1616.2 0.007
Plasma creatinine value (mg/dl) 1.09 (1.0–1.3) 1.1 (1.1–1.3) 1.108 (1.0–1.2) 0.17
Current smokers 277 (18.0%) 180 (24.0%) 97 (13%) 0.02
Known hypertension 1117 (77.0%) 501 (72.1%) 616 (81.5%) ,0.0001
Patients taking no antihypertensive drug 118 (10.6%) 63 (12.6%) 58 (9.4%) 0.09
Treatment for hypertension 0.010
None 280 (25.1%) 144 (28.8%) 136 (21.6%)
RAS-inhibitors 169 (15.1%) 61 (12.2%) 108 (17.8%)
Beta-blockers 48 (4.3%) 18 (3.7%) 30 (4.8%)
Calcium-antagonists 32 (2.9%) 15 (3.0%) 17 (2.8%)
Diuretics 26 (2.3%) 8 (1.7%) 18 (2.8%)
Alpha-blockers 11 (1.1%) 6 (1.2%) 5 (1.1%)
Two or more drugs 551 (49.3%) 248 (49.5%) 303 (49.2%)
Data are either means 6 standard deviation or geometric means and interquartile range.
doi:10.1371/journal.pone.0093542.t001
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Our findings are original, as no previous large epidemiological
study has estimated the impact of hypertensive crises on hospital
admissions using standardized procedures of data collection.
Strength of our study relies on the numbers of recruiting centers,
which were distributed all over the country under the universalistic
coverage of the NHS and were representative of the Italian EDs.
Moreover, standardized clinical procedures and data collection
allowed us to provide unbiased results. Most important limitations
of previous studies were the recruitment of cases from a single
hospital, thus limiting the external validity of data, and the low
numbers of examined people, thus limiting the power of results
[13–15]. This paper is based on the analyses of more than 300,000
hospital admissions occurring over one year period in 10 EDs,
allowing the identification of 1546 patients with hypertensive
crises. Our data were not population-based and we could not
estimate hospital admission rates for hypertensive crises over the
study period. The study design, however, allowed us to increase
the feasibility of a shared protocol among participating centers,
thus providing data on the largest sample of patients with
hypertensive crises examined up to now.
Our estimate of the impact of hypertensive crises on admissions
to the EDs was similar to that provided by a single-center study
conducted in Brazil [13,15] and ten-fold lower than in another
Italian single-center study performed 15 years ago [14]. The cross-
sectional study design of previous Italian study and the present one
does not allow to make inferences on a possible declining temporal
trend of hypertensive crises in Italy. However, both studies used
similar criteria and standardized methods of data collection, so
that it is likely that a declining trend of hypertensive crises has
occurred in Italy over time, as a result of both community
screening programs and availability of new antihypertensive
treatments.
Previous studies showed sex differences among patients
admitted to the EDs for hypertensive crises, with a higher
proportion of women than men [11–12,15,17]. In our study the
numbers of admitted men and women were similar, but age was
significantly lower in men. Moreover, the frequency of unknown
hypertension was higher in men than in women. A larger
proportion of men referred to take no anti-hypertensive drug,
and the risk of having a hypertensive emergency was 34% higher
in men than in women. All-together, these data suggest lower
compliance to screening and antihypertensive treatment in men
than in women and deserve future assessment, given its potential
implication for public health programs.
Age of our patients was higher than in those examined by
previous studies [13–15], reflecting the ageing of the general
population, which is particularly relevant in Italy. Most of our
patients were Europeans, as Africans and Asians represented 3%
Table 2. Presenting symptoms in patients with hypertensive crises admitted to the EDs in the Italian multicenter study.
Symptoms
Hypertensive crises
(n=1546)
Hypertensive
emergencies (n =391)
Hypertensive
urgencies (n =1155)
Cardiological symptoms (shortness of breath/chest pain/arrhythmias/
syncope)
437 (28.3%) 109 (28.1%) 328 (28.4%)
Focal neurologic deficit 249 (16.1%) 88 (22.6%) 161 (13.9%)
Non-specific symptoms (headache without neurological deficit/dizziness/
epistaxis/vomits/palpitations, etc.)
860 (55.6%) 192 (49.3%) 666 (57.7%)
doi:10.1371/journal.pone.0093542.t002
Table 3. Clinical feature of patients with hypertensive urgencies and emergencies. Data are means 6 standard deviation.
Hypertensive emergencies (n=391) Hypertensive urgencies (n=1155) P value
Age 69.9614.3 68.8615.1 0.20
Men 208 (53.2%) 540 (46.8%) 0.03
Systolic blood pressure (mmHg) 203.5629.1 204.0626.9 0.76
Diastolic blood pressure (mmHg) 114.9617.5 115.3616.0 0.34
Plasma creatinine value (mg/dl) 1.20 (1.00–1.30) 1.16 (1.00–1.20) 0.72
Current smokers 78 (20%) 208 (18%) 0.74
Known hypertension 309 (79.1%) 881 (76.3%) 0.26
Patient taking no antihypertensive drug 28 (9.1%) 98 (11.1%) 0.34
Current treatment for hypertension
None 89 (22.9%) 298 (25.8%)
RAS-inhibitors 54 (13.8%) 180 (15.6%)
Beta-blockers 15 (3.8%) 51 (4.4%)
Calcium-antagonists 11 (2.8%) 33 (2.9%)
Diuretics 6 (1.6%) 29 (2.5%)
Alpha-blockers 6 (1.6%) 12 (1.0%)
Two or more drugs 210 (53.6%) 552 (47.8%)
doi:10.1371/journal.pone.0093542.t003
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only of our patients, therefore our data cannot be extrapolated to
populations with a larger proportion of ethnic groups at high risk
for hypertensive crises [18–20].
With respect to hypertensive urgency, hypertensive emergency
is a different clinical entity with high consumptions of resources,
which in our study involved one over four patients. This
proportion was very similar to that estimated in a previous Italian
study [14]. More than 60% of our patients had either non-specific
or non-cardiovascular presenting symptoms. Our multivariate
analysis showed that patients with non-specific symptoms had 28%
lower risk of having emergencies than urgencies, independently of
age and sex. From a clinical point of view, however, the high
frequency of non-specific presenting symptoms in both hyperten-
sive emergencies and urgencies did not allow to perform
differential diagnosis between these conditions without clinical
monitoring and instrumental evaluation, which were required in
the majority of our patients. Consistently with others, the most
common signs/symptoms were dyspnea, chest pain, headaches
and neurological deficit, which were related to the diagnosis of
strokes, acute pulmonary edema and acute coronary syndromes
[11,15,21].
In conclusion, this large Italian multicenter study provided
evidence that hypertensive crises involved almost 5 out of 1,000
patients admitted over one year to the EDs and that hypertensive
emergencies represented one fourth of all hypertensive crises. The
high frequency of patients with unknown hypertension and the
higher risk of emergencies in men than in women deserve future
consideration, due to possible implications for public health
programs.
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